Background The German East-West mortality difference narrowed rapidly after the 1990 unification, particularly for women. We analyse recent trends for women aged 50-89 years and document for the first time lower mortality in the East. We study how smoking contributes to this cross-over.
the West. [4] [5] [6] Both sexes caught up, but the convergence was particularly strong for women. For example, from 1989 to 2009 the East life expectancy disadvantage decreased for women from 2.6 to 0.04 years, and for men from 2.5 to 0.6 years. 7 We analyse recent trends for women and show for the first time that mortality for middle-aged women in the East has not only caught up, but has declined below that of the West. This cross-over is surprising in the light of macro factors such as living standards which, despite convergence, continue to lag behind in the East. We analyse if smoking, which has been more common among women in the West [8] [9] [10] [11] and is the most important behavioural factor influencing mortality [12] [13] [14] could explain the mortality cross-over.
Germany had been divided into East and West since the Second World War. Over the decades the East started to lag behind in living standards, health care and ultimately mortality and life expectancy. The pre-unification East-West mortality differences were mostly due to cardiovascular and respiratory diseases 15 which are often attributed to differences in the economic, social and medical environments. [1] [2] [3] [4] The factors driving the post-unification mortality convergence are less well understood. Existing literature views the unification as a 'natural experiment' and treats the post-unification mortality convergence as arising directly from factors related to the unification. [16] [17] [18] [19] [20] Chief among these are improving living standards 8, 21 adoption of Western healthcare technology and practices, 2, [22] [23] [24] [25] [26] and decreases in psychosocial stress resulting from deprived living and working conditions in the East. 1, 2, 17, 19, 27 Health behaviours have received considerably less attention. In particular, the role of smoking has been virtually ignored. This is surprising since smoking was more common among West than East German women [8] [9] [10] [11] and smoking is one of the key elements in contributing to mortality differentials across 12 and within national populations. 13 We provide a new perspective on the postunification East-West mortality convergence for women, with two important findings. First, using population-level data on female mortality by age, cause and region from 1992 to 2009, we document the most recent trends in the East-West mortality differences for women aged 50-89. We show for the first time a reversal in the East-West mortality difference: mortality for women aged 50-64 in the East declined below that of the West in the 2000s. For older women mortality remains higher in the East. Second, we study the contribution of smoking to the changing East-West female mortality differences using indirect methods 12, 14 We find that smoking-attributable mortality explains a third of the change in the East-West mortality difference for women aged 50-64. When smoking-attributable deaths are removed, the cross-over vanishes and mortality in the East continues to be higher for women of all ages from 50 to 89 years. The results show that the seeds for the East-West mortality cross-over were planted before the unification, in the decades when the women now aged 50-64 adopted their smoking behaviours. The results have important implications for understanding the post-unification and future mortality dynamics in Germany.
Materials and methods
We calculate cause-specific mortality rates by age, period and region for German women by using age-period-region population counts, derived from Statistisches Bundesamt GENESIS database, 28 and individual-level data on date and cause of death, obtained from the Research Data Centre of the Federal Statistical Office and the statistical offices of the Länder, Germany. 29 The population and death counts are high-quality national level data so uncertainty regarding the statistical accuracy of the rates is low. We exclude Berlin because since 2001 the division of the Berlin statistics into the eastern and western parts is no longer available. We analyse only women, since for men adult mortality continues to be higher in the East for all periods from 1992 to 2009, 7 thus there is no puzzle to be explained. We classify mortality by age (5-year groups from ages 50 to 89), period (1992-94, 1995-99, 2000-04, 2005-09 ) and cause-of-death (total; cardiovascular diseases; lung cancer; other cancers; other). We consider these causes because smoking is the main contributor to lung cancer; smoking also contributes heavily to other cancers; 30 cardiovascular disease (CVD) is after cancer the leading cause of death in the age groups we consider and up to a fifth of CVD deaths may be attributable to smoking. 31, 32 We exclude the years up to 1991 because the cause-of-death coding between the East and the West differed before the unification and was harmonized only with a small lag. 4, 33, 34 We exclude ages below 50 and above 90 because for these ages the contribution of smoking is small [12] [13] [14] and the East-West mortality rates have not crossed. The cause-of-death classification is based on ICD-9 (1992-97) and ICD-10 (1998 ICD-10 ( -2009 ). We chart the age-period-region mortality rates for all-cause and cause-specific mortality and the corresponding East-West mortality rate ratios (MRR). We use the indirect Preston-Glei-Wilmoth (PGW) method 14 to remove smoking-attributable mortality and chart the East-West MRRs for the remaining mortality. The PGW method uses lung cancer mortality as an indicator of the total damage from smoking. The method is based on aggregate mortality data (5-year age-groups from age 50 to 85þ) from 21 high-income countries for the period 1950 to 2006. The method produces similar results to those obtained from other widely used indirect methods. 12, 14, 35 An advantage of the PGW method, when compared with cohort studies that rely on self-reported smoking, is that it requires only cause-of-death data which may be more accurate and easily available than self-reports of lifetime smoking. Figure 1 illustrates the mortality cross-over by plotting the East-West MRR over time for the ages 50-69. The youngest ages (50-54) were the first to experience the cross-over, then ages 55-59 and 60-64, and in 2005-09 the gap had almost converged also for the ages 65-69. Other cancers EAST-WEST MORTALITY AND SMOKING mostly higher in the early 1990s, but has in the 2000s declined below that of the West. The levels and trends for smoking-attributable mortality mirror those observed for lung cancer. For all ages and periods, smoking-attributable mortality is lower in the East than in the West. Moreover, smoking-attributable mortality is increasing in most ages for both East and West. However, the pace of increase is more rapid in the West. Consequently, the East advantage in smoking-attributable mortality grew rapidly in the 1990s especially for ages 50-64, for whom the MRRs for smoking-attributable mortality were in the range 0.59-0.91 in 1992-94 but declined to 0.41-0.55 by 2005-09. Table 3 shows the fraction of all deaths that are attributable to smoking by age, period and region. The fraction of mortality attributable to smoking is higher in the West for all ages and periods. For ages 50-64, for which the East-West MRR has reversed, the increase in the fraction of smoking-attributable mortality has been particularly fast. In the East the age-specific fractions of smoking-attributable mortality for ages 50-64 were in the range 0.06-0.07 in 1992-94, and have increased to 0.12-0.14 in 2005-09. In the West, the corresponding increase has been faster, from 0.10-0.11 to 0.22-0.27. That is, in the West in 2005-09 approximately a quarter of all deaths for women aged 50-64 were attributable to smoking, but in the East only 12-14%.
Results
To estimate the impact of smoking on the mortality cross-over, we calculated the East-West MRRs after removing smoking-attributable mortality. Figure 2 plots these MRRs for ages 50-69. The difference with respect to Figure 1 , which highlighted the cross-over, is clear: once smoking-attributable mortality is removed, the remaining mortality continues to be higher in the East for all age groups and for all periods. Table 4 shows the MRRs for total mortality and for non-smoking-attributable mortality for 1992-94 Table 4 , by subtracting from one the ratio of total MRR change (column 3) and the change in MRR not attributable to smoking (column 6). For ages 50-64 in which mortality in the East declined below that of the West, the fraction of MRR change explained by smoking is approximately one-third. For older ages the contribution of smoking to the changing East-West MRR is smaller.
We studied the robustness of the finding that the mortality cross-over at ages 50-64 is driven by smoking to statistical uncertainty and model failure (results of these analyses available on request). First, we estimated the 95% confidence intervals for smoking-attributable mortality. These intervals were narrow and uninformative, reflecting the facts that we use population-level data and the within-model uncertainty in the PGW method is small. Second, we considered model failure by assuming that the PGW method under-or overestimates smokingattributable mortality by 50%. Third, we considered the possibility that the PGW coefficients are biased for East Germany. We used the PGW method for both East and West Germany, but only West Germany was in the set of countries from which PGW estimated their model coefficients. The coefficients may not be appropriate for the East because of a later timing of the smoking epidemic, or because the lung cancer mortality for non-smokers may differ in the East from that of the West. For example, due to less exposure to second-hand smoke but higher exposure to pollution, the non-smokers' lung cancer mortality could be lower or higher in the East. We estimated all the results after (i) lagging the PGW coefficients by 20 years in the East to capture the later timing of the smoking epidemic; (ii) allowing the non-smokers' lung cancer mortality in the East to be half or double of that of the West. The key results did not change.
Discussion
After the unification in 1990 the German East-West mortality difference narrowed rapidly, particularly for women. We document for the first time that for women aged 50-64 the difference has reversed and mortality is lower in the East. The mortality cross-over is surprising in the light of macro factors such as living standards which continue to be worse in the East. Cause-of-death analyses showed that the East mortality advantage is particularly large for lung cancer, suggesting that smoking could explain the cross-over. We used indirect methods to remove smoking-attributable deaths and found that the mortality cross-over is driven by smoking: a third of the change in the East-West mortality rate ratio for the ages 50-64 is attributable to smoking, and nonsmoking-related mortality continues to be higher in the East for these and older ages. Although other factors such as converging living standards are also likely to have been important for the female East-West mortality convergence, the seeds for the newly documented mortality cross-over appear to have been planted before the unification in the decades when women now aged 50-64 adopted their smoking behaviours. Our findings on the role of smoking have important implications for understanding the past and future post-unification mortality dynamics among the 42 million 7 German women. First, existing research tends to view the unification as a 'natural experiment' and treat the post-unification changes in mortality as arising from factors related to the unification. [16] [17] [18] [19] [20] Kibele 8 provides a thorough overview of the discussion on the postunification mortality convergence, which revolves around four factors: medical care, living standards, psychosocial stress and health behaviours. In the East medical technology was lagging behind that of West, and after the unification large investments were made in East Germany to bring the medical technology and healthcare practices closer to the Western level. 2, [22] [23] [24] The resulting improved health care has almost certainly contributed to the mortality convergence. 25, 26 An increase in the living standards was also important. After the unification, real incomes in the East increased immediately; this may have influenced mortality through factors such as improved housing conditions, safer cars or better nutrition. 21 Decreases in psychosocial stress 1, 2, 17, 19, 27 and improving health behaviours in particular relating to cardiovascular disease risk factors 8 may also have contributed to the convergence.
These four factors-converging living standards, medical care, psychosocial stress, and health behaviors-may explain much of the mortality convergence, but because trends have only converged in these factors, not crossed, they cannot explain the mortality cross-over. Smoking differences have the potential to change the sign of the East-West mortality difference because before the unification smoking was less prevalent among women in the East. 8, 36 The effect of smoking on mortality is mostly lagged, with a gap of two to three decades between a populationlevel increase in smoking prevalence and marked increases in population-level mortality. This has two implications for the convergence and cross-over of the East-West mortality difference. First, much of the convergence is rooted in behaviour that took place before the unification, when the women now aged 50-64 adopted their smoking behaviours. Second, the East-West mortality dynamics should not be treated as being caused by the unification. In particular, the 'natural experiment' interpretation may be misleading because a large fraction of the overall change in East-West mortality difference, in particular for women aged 50-64, is attributable to smoking, a factor that precedes and is not related to the unification.
Second, the narrowing of the East-West mortality gap is thought to be driven mostly by the fast mortality decline in the East, rather than stagnating or slower-than-expected improvements in the West. [4] [5] [6] Mortality indeed declined rapidly in the East following the unification, and the West also made progress. However, our results suggest that the story of convergence is heavily influenced by the comparatively large impact of smoking on West German women, and without this effect, mortality advances in the West would have been faster. Life expectancy trends illustrate the relatively slow improvement in the West. Our results are consistent with the theory of smoking diffusion which suggests that smoking is first adopted by women of higher socioeconomic status and that there is a north-south as well as within Germany a West-East gradient. 36, 38, 39 Westphal and Doblhammer 36 analyse smoking by birth-year in East and West Germany and document that the proportions of ever-smokers among women were similar and low (around 10-20%) for the 1920-35 birth cohorts. For the later-born cohorts, the proportion of ever-smokers increased earlier in the West than in the East. For example, for the 1941-45 birth cohort-which was aged 55-59 in 2000 and for whom we observed lower mortality in the East-the proportion of ever-smokers is estimated to be 22.1% in the East but 36.0% in the West; for the 1946-1950 cohort, the proportions are 29.6% and 43.7%, respectively. For men the proportions of ever-smokers are similar, around 55-65%, in the East and West across the 1920-60 birth cohorts. Thus the smoking differences themselves would have predicted what we observed: a mortality advantage for East German women born around the 1940s and 1950s at ages 50 and above when smoking starts to do its damage, but no mortality advantage for East German men or for East German women from earlier birth cohorts.
Our mortality results and these smoking differences highlight the importance of cohort smoking patterns in explaining the East-West mortality cross-over among German women. Others have also discussed the importance of various cohort factors in explaining East-West mortality differences in Germany and more generally in Europe. These studies tend to document and focus on explaining excess mortality in the East by using both cohort and period frameworks. [40] [41] [42] [43] [44] [45] Our analysis departs from the earlier literature by showing that the cohort factors may also result in an important health advantage in the East.
Our results are not inconsistent with the literature suggesting that standard of living, psychosocial stress or medical care have been important in decreasing mortality in East Germany after the unification. For older women (aged 70 or above) the role of smoking in narrowing the mortality differentials has been small. Furthermore, although smoking contributes to the level of the East-West MRR, and also to the steepness of the time trend in MRR, the general shape in the East-West mortality difference is similar for both total mortality and for mortality not attributable to smoking, as is seen when comparing Figures 1 and 2 . Finally, whereas smoking explains a large fraction-approximately a third-of the changing East-West mortality difference for women aged 50-64, the remaining two-thirds are explained by something else.
Our study has limitations. First, it is beyond the scope of this study to analyse why women in the West who are now 50-64, and were born in the 1940-50s, appear to smoke more than their peers in the East. Possible explanations include differentials in buying power, in the acceptability of women's smoking or because West German women tended to have children less and later, which may influence smoking behaviours. Second, we did not analyse men because the male East-West mortality convergence has been much slower than for women, and the East-West differences in smoking are not large. For men, the convergence may be driven more by factors such as increasing living standard or health care. Future research could consider whether the impact of living standards and medical care on converging mortality rates in the East and West differ by sex. Third, our data did not allow accounting for migration from East Germany to the West. However, migration tends to be selective so that the healthier move, resulting in comparatively higher mortality in the East than in the West. Thus our estimates of the East-West cross-over would have been stronger if migration was accounted for. Fourth, it has been suggested that the PrestonGlei-Wilmoth method may overestimate the contribution of smoking particularly at old ages. However, our key results pertain not to very old ages but to ages below 65. Moreover, we considered extreme scenarios of overestimation and the key findings did not change. Fifth, our data included cause-of-death data from both ICD-9 and ICD-10 systems. However, the change from ICD-9 to ICD-10 had only a small effect on lung cancer 34, 46 and even if the effect had been large, it should be the same in the East and the West and not influence the East/West difference.
Our results have important implications for the future of the East-West mortality difference among German women. The lag from smoking to elevated mortality is of the order of two to three decades.
The smoking histories of the women born in the 1960s-70s, who will soon reach the ages at which smoking takes a toll, are known. In contrast to the previous generation, young East German women now smoke more than their West German peers. [9] [10] [11] Research aiming to foresee the future of the East-West mortality difference could benefit from this information. It is possible that the EastWest smoking differential for German women aged 50-64 will again reverse if among the cohorts entering these ages smoking is more prevalent in the East.
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